Molluscan development is characterised by its extremely regular cleavage pattern. In numerous molluscs the fate of various earlycleavage stage blastomeres has been determined and fate maps have been constructed. On the basis of similarities between these fate maps, a generalised molluscan cell-lineage map has been constructed. Recently, the validity of this map has been challenged. In this study, the cell-lineage of the first-, second-, and third-quartet micromeres and third-generation macromeres of the equally-cleaving gastropod mollusc Patella vulgata was studied by fluorescent cell-lineage tracer injection followed by epifluorescence microscopy and confocal laser scanning microscopy. For the first time, a complete cell-lineage map, in the form of a clonal-contribution map of the trochophore, has been constructed with the use of fluorescent cell-lineage tracers. This map both agrees and differs in a number of respects with the generalised cell-lineage map of molluscs. The most important deviation is that the micromere 2d, formerly referred to as the first somatoblast, is not the only cell that forms the foot and shell gland in Patella.
Introduction
Embryos of molluscs, annelids and some other phyla have a spiral cleavage. This type of cleavage is characterised by its extremely regular pattern. Each blastomere of an early cleavage-stage embryo can be identified according to its position. In all individuals of a given species, blastomeres of corresponding positions will develop alike (Raven, 1958; Verdonk and Van den Biggelaar, 1983) . Initially, it was believed that in spirally-cleaving species the fate of early cleavage-stage blastomeres was entirely autonomously specified (cf. Wilson, 1904; Costello, 1945) . Therefore, spiralians were thought to have a so-called mosaic development. However, later studies have shown that inductive events do take place (Clement, 1962; Van den Biggelaar and Guerrier, 1979; Arnolds et al., 1983; Martindale et al., 1985; Martindale, 1986; Boring, 1989; Freeman and Lundelius, 1992; Dictus, 1993, 1996a,b) .
On the basis of similarities between cell-lineage maps of a number of molluscan species, a cell-lineage map or clonal contribution map has been made for molluscs in general (for reviews, see Raven, 1958; Verdonk and Van den Biggelaar, 1983; Dohmen, 1992) . According to this generalised cell-lineage map, the first-quartet micromeres give rise to the apical tuft (when present), the head region (except for the stomodaeum) and part of the prototroch ( Figs. 1 and 2 ). The second-quartet micromeres give rise to part of the prototroch and most of the posttrochal ectoderm. Specifically, the 2d-micromere gives rise to most of the posttrochal ectoderm. Therefore, this cell is called the first somatoblast (Wistinghausen, 1891) . The first somatoblast is the only cell thought to produce the foot and the shell gland. The third-quartet micromeres give rise to a small part of the posttrochal ectoderm. In gastropods, the third quartet is also involved in the formation of the ectomesoderm. The fourth-quartet micromeres and fourth-generation macromeres give rise to the endoderm. One particular micromere, the second somatoblast 4d, produces not only endoderm, but also the endomesoderm. The endomesoderm is arranged into two mesoderm bands.
Several papers challenged the validity of the generalised molluscan cell-lineage map. Particularly, the exclusive role of the 2d-micromere in giving rise to the entire foot and the shell gland is unsubstantiated . Deletion experiments have shown that in Ilyanassa and Bithynia formation of the shell and foot is not entirely dependent on the presence of the 2d-micromere. The presence of other micromeres is essential as well (Cather, 1967; Clement, 1971; Cather et al., 1976; Verdonk and Cather, 1983) . Also, in Dentalium, cell-lineage studies have shown that the foot and the shell gland are not exclusively formed by the 2d-micromere (Van Dongen and Geilenkirchen, 1974) .
None of the original cell-lineage maps upon which the generalised molluscan cell-lineage map is based were determined by means of the injection of cell-lineage tracers. All these maps resulted from comparing the positions of specific cells in successive cleavage stages. The disadvantage of studying cell-lineage without tracers is that it is difficult to establish with certainty the progeny of specific cells. Especially when cells migrate, e.g. during gastrulation or during patterning of the prototroch (Damen and Dictus, 1994b) , or when the cell-lineage of prospective adult structures with many small cells is studied, this is very hard. Therefore, accurate cell-lineage maps derived from studies with cell-lineage tracers are urgently needed.
As a necessary prelude to further studies on the specification mechanisms that operate during early development of the archaeogastropod mollusc Patella vulgata, we constructed a complete cell-lineage map of the three micromere quartets and the macromere quartet. To this aim, the fluorescent cell-lineage tracer Lucifer Yellow-dextran was microinjected in first-, second-and third-quartet micromeres, and in third-generation macromeres. The fate of the injected cells was determined in trochophore larvae (about 24-28 h after first cleavage) with video-enhanced epifluorescence microscopy and confocal laser scanning microscopy (CLSM). The results allowed the construction of a complete clonal-contribution map of the trochophore larva. This map shows that for Patella the generalised molluscan cell-lineage map is not correct. For example, it appears that the first somatoblast 2d is not the only cell that contributes to the foot and the shell gland. These data unequivocally demonstrate that the previously challenged idea that 2d is the only cell that contributes to the foot and shell gland is incorrect.
Results

Early development and the formation of the mesentoblast-mother cell
The early development of Patella vulgata and the formation of the stem cell of the mesoderm, the mesentoblastmother cell (3D-macromere) have been described by Van den Biggelaar (1977) . Fig. 2A -D shows the formation of the first-, second-and third-quartet micromeres at the third, fourth and fifth cleavage, respectively. Between the fifth and the end of the sixth cleavage, the mesentoblast mother cell 3D is induced and thereby the embryo has acquired a dorsoventral polarity. From this moment onwards, the quadrants can be denominated A, B, C and D ( Van den Biggelaar and Guerrier, 1979; Arnolds et al., 1983; Damen and Dictus, 1996a; Damen and Dictus, 1996b) . Cells injected before this moment were denominated retrospectively, i.e. after injection embryos were allowed to develop until dorso-ventral symmetry was visible. Then the quadrant in which the injected cell was located was determined.
Composition of the trochophore larva
Twenty-four to 28 h old trochophores (n = 360) were studied with light microscopy and SEM. These trochophores possessed a prototroch that consisted of ciliated and deciliated cells (Fig. 2E ). These cells were arranged in complete and incomplete rings that divided the trochophore into a pre-and a posttrochal area. The region anterior to the prototroch, the so-called pretrochal area, gives rise to the head (cf. Raven, 1958; Van den Biggelaar and Guerrier, 1983) . The region posterior to the prototroch, the so-called postrochal area, gives rise to the rest of the adult body. At the trochophore stage, this area includes the foot, Fig. 1 . Generalised cell-lineage map of molluscs based on data from the literature (discussed in Raven, 1958; Verdonk and Van den Biggelaar, 1983; Dohmen, 1992) . The structures of the trochophore larva that are formed from the first-, second-and third-quartet micromeres and the third-generation macromeres are indicated. The fates of the blastomeres of all four quadrants have been indicated in one lineage branch and differences between cells of a tier have been specified. (m, micromeres; M, macromeres. 'm' and 'M' refer to all four quadrants, i.e. all four cells of the tier in question.) the shell gland, the mantle and the ciliated larval telotroch. The foot consists of two lobes. The shell gland comprises an annular mantle fold that actually forms the shell, and a central part, the so-called shell field.
Cell-lineage of the first-quartet micromeres
At the eight-cell stage, a single first-quartet micromere was injected with Lucifer-Yellow dextran. The contribution of first-quartet micromeres to the prototroch has already been described earlier (Damen and Dictus, 1994a; Damen and Dictus, 1994b) . In order to describe the additional, non-prototrochal progeny of the first-quartet micromeres, the prototrochal progeny is summarised below (see also Table 1 ). Since the pretrochal area, which gives rise to head structures, does not show overt differentiation of adult structures at this stage, the contribution of first-quartet micromeres to this area cannot yet be specified to particular head structures. The analysis was necessarily limited to determining in what part of the pre- Biggelaar and Guerrier, 1979) . (E) Right-lateral view of a 28 h old trochophore larva in which various structures are denominated. The localisation of the stomodaeum, that runs medially from its opening to the outside, towards the anterior pole, is indicated in grey. The prototroch (prot.) consists of ciliated main prototroch cells and unciliated anterior and posterior supporting cells (Damen and Dictus, 1994a; Damen and Dictus, 1994b) . For clarity, cilia were only drawn on the outer cells of the prototroch. pretr., pretrochal; posttr., posttrochal. Initially, all cells involved in prototroch formation become ciliated (Damen and Dictus, 1994a,b) . ASc, deciliated anterior supporting cell; PT, ciliated main prototroch cell; PSc, deciliated posterior supporting cell. ; not visible in this orientation). In the pretrochal area a clone of small cells, anterior to 1d 1211 (in the dorsal part of the trochophore), is labelled. In addition, a very small clone, clockwise to the former, is labelled. m.f., mantle fold; pretr., pretrochal area; prot., prototroch. Scale bars, 50 mm.
trochal area the progeny of an injected cell was located. This was done by establishing the position of a labelled clone of cells in relation to the dorsoventral axis of the embryo. Since during manipulation of the embryos the apical organ was often lost, the contribution of first-quartet micromeres to the apical organ was not determined.
Micromere 1a
After labelling the 1a-micromere (n = 12), the resulting fluorescence pattern comprised six prototroch cells (Table  1 ) and many small cells of the pretrochal area ( Fig. 3A-C 
Micromere 1b
The progeny of 1b (n = 18) consisted of six large cells that formed part of the prototroch (Table 1 ) and many small ectodermal cells in the pretrochal area ( Fig. 3D-F) . Three of the large cell were incorporated in the ring of main prototroch cells (1b   212   , 1b  221 and 1b   222 ). The small cells were located at the ventral side of the pretrochal area, anterior and slightly anticlockwise to the three main prototroch cells (Fig. 4A-D) .
Micromere 1c
After injection of 1c (n = 10), fluorescence was observed in six large prototroch cells (Table 1 ) and in a number of small cells of the pretrochal area ( Fig. 3G-I ). The small cells formed part of the ectoderm of the pretrochal area and were located anterior to and somewhat ventrally of the three main prototroch cells, in the right side of the pretrochal area ( Fig. 4A-D) .
Micromere 1d
In contrast to 1a, 1b and 1c, 1d (n = 17) gave rise to eight prototroch cells (Table 1) . In addition, a number of small cells contributed to the ectoderm of the pretrochal area. In contrast to the progeny of the other first-quartet micromeres, the small cells derived from 1d were arranged in two fluorescent patches: one large patch directly anterior to 1d 1211 (prototroch cell derived from the 1d-micromere) and a smaller patch clockwise to the larger patch (Figs. 3J-L and 4A-D).
Cell-lineage of the second-quartet micromeres
At the 16-cell stage, a second-quartet micromere was injected with Lucifer-Yellow dextran. The contribution of second-quartet micromeres to the prototroch has already been described earlier (Damen and Dictus, 1994a,b) . In order to describe the additional, non-prototrochal progeny of the second-quartet micromeres, the prototrochal progeny has been summarised in the text and in Table 1 .
Micromere 2a
After injection of 2a (n = 9), fluorescence was observed in two prototroch cells (Table 1 ) and in a patch of many small cells that was located in the posttrochal area ( Fig.  5A-D) . The patch of small cells was found in the ectoderm of the left half of the posttrochal area, i.e. in the left part of the foot, in the left part of the mantle fold and in the left part of the shell field (up to slightly over the mid-dorsal line) (Fig. 4A-D) . The fluorescence of the cells of the shell field is rather weak because these cells are very flat and therefore do not possess much fluorescent cell-lineage tracer. Only with the use of the SIT-camera, these cells were visible so that their localisation could be determined (Fig.  5C ).
Micromere 2b
The progeny of 2b was analysed in 13 embryos, and was found to consist of two prototroch cells (Table 1) and many small cells in the posttrochal area (Fig. 5E-L) . In all embryos the 2b progeny formed a part of the shell gland and a ring of small cells bordering the prototroch at the posttrochal side. The contribution of 2b to the shell gland was located at the right-dorsal side of the trochophore and was connected with the ring of small cells (Fig. 4A-D) . This contribution formed part of both the mantle fold and the shell field.
Seven out of 13 trochophores in which the 2b-micromere had been injected were recorded on videotape with the SIT-camera. In these trochophores, faint labelling was observed in the pretrochal area (Fig. 5M) . This faint labelling appeared to be located underneath the ectoderm. In order to further investigate this labelling, these embryos were processed for CLSM. It appeared that the labelled cells were arranged in three small, more or less parallel strips underneath the ectoderm (Fig. 6A-C) . All strips ran more or less from ventral to dorsal. The two lateral strips were located in the ventral half of the pretrochal area. The middle strip was longer than the two lateral ones and, at the posterior side of the prototroch, connected with the ring of small cells that was also formed by the 2b-progeny. This middle strip formed the ventral, upper part or roof of the stomodaeum, that turns upward towards the anterior pole ( Fig. 6C ; cf. Figs. 2E and 8B).
Micromere 2c
After injection of 2c (n = 10), the resulting fluorescence pattern was almost exactly a mirror-image of that of the progeny of the 2a-micromere. Tracer was present in two prototroch cells (Table 1 ) and in a patch of many small cells that was located in the posttrochal area ( Fig. 5N-P) . The patch of small cells was part of the ectoderm of the right-lateral half of the posttrochal area, i.e. of the right part of the foot, mantle fold and shell field (Fig. 4A-D) . The patch of 2c-derived cells in the shell field did not reach the mid-dorsal line and was smaller than the corresponding patch derived from the 2a-micromere (Fig. 4A-D) . At the A clone of cells is labelled that is located in the middle part of the foot, the telotroch, the ventral part of the mantle fold and a small part of the shell field. m.f., mantle fold; prot., prototroch; stom., stomodaeum; s.f., shell field; tel., telotroch. Scale bars, 50 mm.
right-dorsal side of the trochophore, the part of the shell gland that is formed by the progeny of 2b exactly fits into the part of the shell gland that is formed by the progeny of 2c.
Micromere 2d, the first somatoblast
The cell-lineage of 2d was analysed in 20 trochophores. It appeared that 2d only contributed to posttrochal ectodermal structures: the middle part of the foot, the telotroch, the ventral part of the mantle fold and a small part of the shell field (Figs. 4A-D and 5Q-T) .
In three embryos a 2d 1 -micromere was injected at the 32-cell stage (results not shown). In these embryos the left half of the above-described structures was labelled. Apparently, 2d 1 and 2d 2 contribute equally to the posttrochal ectoderm and produce left (2d 1 ) and right (2d 2 ) mirror images of cellular patterns.
Cell-lineage of the third-quartet micromeres
Third-quartet micromeres were injected with LuciferYellow dextran between the 32-and 52-cell stage.
Micromere 3a
The 3a-derived cells were found inside the trochophore (n = 12). They formed a rod-shaped area inside the leftventral part of the trochophore. It ran from the pretrochal area, where it touched the pretrochal ectoderm, to the posttrochal area and ended in the left lobe of the foot (Fig. 7A-C) . These in vivo observations were confirmed with CLSM (Fig. 7D ). In addition, CLSM observation showed that the 3a-progeny consisted of numerous, relatively small cells that completely filled the interior of the left lobe of the foot.
Micromere 3b
The progeny of micromere 3b appeared to be a mirror image of the contribution of 3a (n = 10; Fig. 7E-G) . Accordingly, the 3b-progeny were located in the rightventral part of the trochophore and, hence, the rod-shaped area ended in the right lobe of the foot. CLSM observations confirmed the in vivo analysis and showed, furthermore, that the 3b-progeny, like the 3a-progeny, consisted of numerous, relatively small cells that completely filled the interior of the right lobe of the foot (Fig. 7H) . Fig. 2E ). The small lumen of the stomodaeum is indicated with an arrow. Scale bar, 50 mm. m.f., mantle fold; pretr., pretrochal area; prot., prototroch; s.f., shell field; tel., telotroch. Note the labelling of the left-bottom part of the stomodaeum (*) and of a cup-shaped ectodermal invagination, laterally to the stomodaeum, which is the anlage of the mantle cavity. m.c., mantle cavity; m.f., mantle fold; pretr., pretrochal area; prot., prototroch; s.f., shell field; stom., stomodaeum; tel., telotroch. Scale bars, 50 mm.
Micromere 3c
After injection of the 3c-micromere (n = 19), the area between the right lobe of the foot, the right-lateral side of the mantle fold and the prototroch was labelled, as well as a rod-shaped cell or a small group of cells that formed part of the telotroch (Fig. 7I-K) . Since in a few embryos the telotroch was lost during the deciliation procedure, the labelled cell or cells of the telotroch were lost as well in these embryos. Using the CLSM, the labelled area between the foot, the mantle fold and the prototroch appeared to be 221 a cup-shaped invagination of the ectoderm (Fig. 7L ). This invagination is the anlage of the mantle cavity (cf. Fig.  8A ). It was connected with a group of 3c-derived cells that formed the right-lateral part and right-dorsal part (i.e. right-bottom) of the stomodaeum ( Fig. 7L; cf. Fig.  2E ).
Micromere 3d
This experiment (n = 28) resulted in a pattern of labelling that was a mirror image of that of the 3c-progeny (Fig.  7M-O) . CLSM observations demonstrated that the labelled cells also constituted a cup-shaped invagination of the ectoderm that was connected with a group of 3d-derived cells that formed the left-lateral part and left-dorsal part (i.e. left-bottom) of the stomodaeum (Figs. 7P and 8B; cf. Fig. 2E ). As in the previous experiment, label was present in a rod-shaped cell or a small group of cells that were part of the telotroch. Sometimes, this label was not present since in a few embryos the telotroch was lost during the deciliation procedure.
Cell-lineage of the third-generation macromeres (including the mesentoblast-mother cell 3D)
Third-generation macromeres were injected with Lucifer-Yellow dextran between the 32-and 60-cell stage.
Macromere 3A
The contribution of 3A consisted of a patch of cells located in the interior left side of the trochophore, dorsally to the mantle fold and adjacent to cells of the shell field (n = 6; Figs. 4E-H and 9A-C). In two of the six trochophores an extra, smaller patch of labelled cells was present in the region of the prototroch adjacent to the inner side of the prototroch. In one of these two trochophores this patch was located near the mid-dorsal line (Fig. 9D ). In the other trochophore it was located at the other side, i.e. at the right side of the trochophore. In the CLSM, the localisation of the 3A-progeny was confirmed and the 3A-progeny appeared to consist mainly of relatively large cells (Fig.  9D) , indicating that these cells are endodermal (Raven, 1958; Verdonk and Van den Biggelaar, 1983 ).
Macromere 3B
Injection of the 3B-macromere (n = 4) demonstrated that the progeny of this cell were located in the interior of the trochophore, in the region of the prototroch and in the pretrochal area (Figs. 4E-H and 9E-G) . In one of these trochophores, the progeny of 3B were located exclusively in the pretrochal area (Fig. 9E,F) . In a second trochophore, they were located in the pretrochal area and in the region of the prototroch (Fig. 9H) . In a third trochophore, they were located in the right half of both the pretrochal area and the prototroch region. In a fourth trochophore, the left half of both the pretrochal area and the prototroch region were occupied by 3B-progeny. CLSM observations confirmed these observations and Fig. 8. (A) SEM image of the ventral side of a 26 h old trochophore larva. Besides the invagination of the stomodaeum (stom.), the invaginations of the anlage of the mantle cavity (m.c.) can be discerned. (B) Leftsagittal optical section (nearly median) of another embryo after injection of 3d. Labelling of the left-bottom part of the stomodaeum (*), that is located between the opening of the stomodaeum to the outside and the anterior pole. The small lumen of the stomodaeum is indicated with an arrow. Scale bars, 50 mm. m.c., mantle cavity; m.f., mantle fold; pretr., pretrochal area; prot., prototroch; s.f., shell field; stom., stomodaeum; tel., telotroch. (Q,R) . Note that label is located in two, bilaterally organised regions near the circular prototroch. Small processes (arrows) are present, some of which run to the prototroch. (T) Nomarski image of the trochophore of (S). m.f., mantle fold; pretr., pretrochal area; prot., prototroch; s.f., shell field; stom., stomodaeum; tel., telotroch. Scale bars, 50 mm.
furthermore showed that the 3B-progeny consisted mainly of relatively large cells (Fig. 9H) , indicating that these cells are endodermal (Raven, 1958; Verdonk and Van den Biggelaar, 1983) . The localisation of the stomodaeum in relation to the 3B-progeny is visible in Fig. 9I (cf. Fig.  2E ).
Macromere 3C
The progeny of 3C was located inside the trochophore, at the right side, dorsally to the mantle fold, adjacent to cells of the shell field (n = 3; Fig. 4E-H and 9J-L) . Except for being a little bit smaller, this pattern of labelling was a mirror-image of the pattern observed after labelling the macromere 3A.
Macromere 3D, the mesentoblast mother cell
The pattern resulting from labelling 3D (n = 5) consisted of two bands of cells located in the posttrochal area of the trochophore . These two bands ran from the posterior pole to the region of the prototroch. In four of the five trochophores these bands were arranged in a horseshoeshape and touched each other at the posterior part of the trochophore. This labelling-pattern was confirmed with CLSM ( Fig. 9P-T) . In optical sections, the progeny of the 3D-macromere appeared to consist of elongated, spindle-shaped cells. These spindle-shaped cells might correspond to muscle cells that are involved in torsion (Smith, 1935; Crofts, 1938 Crofts, , 1955 . In two embryos, small fluorescent processes were observed, some of which connected the anterior part of the bands with cells of the prototroch (Fig. 9S,T) . In Patella and Haliotis, similar processes have been described which connect the spindle-shaped muscle cells to the prototroch (Crofts, 1938 (Crofts, , 1955 .
Discussion
Clonal-contribution map of the Patella trochophore
On the basis of the results described in this paper, a complete clonal-contribution map of the Patella trochophore larva was constructed (Fig. 4) . To our knowledge, this is the first complete clonal-contribution map of a molluscan species that has been produced with the use of celllineage tracers.
The results in this paper demonstrate that embryos of Patella develop in a very rigid way. The variation between blastomere-fate in different embryos was minimal. Small size-variations were observed in the contribution of the 2a-, 2b-, 2c-and 2d-micromeres to the shell-gland. The small variations in size of the progeny of the 3A-, 3B-and 3C-macromeres appeared to be more variable. Finally, some variability was observed in the progeny of the 3c-and 3d-micromeres. In some embryos, only one cell of the telotroch was labelled, whereas in a number of other embryos, a small group of cells was labelled.
The experiments in which tracer was injected show the localisation of the progeny of various blastomeres. When the position of a labelled clone in the embryo has changed compared to the position of the injected progenitor cell, it is clear that the progeny of the injected cell has migrated. Although the localisation of most clones corresponded with the localisation of their progenitor cells, this was not the case for the progeny of 2b, 3c, 3d, 3B and 3D. Apparently, the progeny of these cells migrate. To our knowledge, an extensive migration such as found for the 2b-progeny has never been described for any molluscan species.
The clonal-contribution map demonstrates that the trochophore is bilaterally-symmetrically organised, since blastomeres that are mirror-symmetrically arranged along the dorsoventral axis develop into similarly organised clones of cells with a similar fate. Only minor deviations from this symmetry were observed. According to Smith (1935) and Crofts (1938 Crofts ( , 1955 , the muscle cells formed from the 3D-macromere become asymmetrically arranged in the trochophore before the beginning of torsion. Since no signs of any asymmetry, indicating the start of torsion, were observed in the 3D-progeny at 24-28 h after first cleavage, we conclude that this asymmetry does not become visible until after 28 h after first cleavage.
Based of the localisation of each clone, i.e. at the exterior or in the interior of the trochophore, it is possible to discriminate between an ectodermal and an ento/mesodermal fate. Furthermore, the micromeres with an ectodermal fate were shown to contribute to the pretrochal area, the prototroch, the telotroch, the foot, the mantle cavity, the mantle fold, or the shell field. Since for Patella no reliable markers are available to discriminate between endoderm and mesoderm, it was not possible to determine which blastomeres contribute to the endoderm, the mesoderm or both.
Comparison of the clonal-contribution map of the Patella trochophore with the generalised molluscan celllineage map
By comparing our results with cell-lineage data from the literature, a number of similarities and differences between the fates of specific blastomeres in Patella and that of corresponding blastomeres in other species were found. In Patella, the first-quartet micromeres form the pretrochal ectoderm and part of the prototroch. This is in accordance with the generalised molluscan clonal-contribution map.
The fate of the second-quartet micromeres of Patella strongly deviates from that of their generally assumed prospective fate in molluscs. According to the generalised molluscan cell-lineage map, the 2d-micromere produces most of the posttrochal ectoderm, and is the only cell that produces the foot and the shell gland. Therefore, it is considered to be the first somatoblast. This concept is based on observations in unequally cleaving molluscs and annelids (Wistinghausen, 1891; Wilson, 1892; Lillie, 1895; Conklin, 1897) . Our results clearly demonstrate that this is not the case in Patella. Since, in Patella, 2a, 2c and 2d all have a significant contribution to the foot and the shell gland, it can be concluded that Patella has no single first somatoblast. This implies that the generally accepted concept that in molluscs the 2d-micromere is the only first somatoblast is, at least for Patella, incorrect.
According to Verdonk and Van den Biggelaar (1983) , the ectomesoderm in gastropods derives from third-quartet micromeres only. In Patella, most of the ectomesoderm is derived from third-quartet micromeres. Our data indicate that part of the 2b-progeny is located directly underneath the pretrochal ectoderm and consists of small cells. Since at present no reliable molecular markers are available to discriminate between endodermal, mesodermal and neural tissues, it remains unclear whether these cells will form endodermal, mesodermal or neural tissue.
The progenies of the 3a-and 3b-micromeres obtain a position inside the trochophore. Based on their size and their position in the prospective foot, these progenies probably are ectomesoderm that will form the foot musculature. The contribution of the 3c-and 3d-micromeres to the ectoderm forming the mantle cavity is in agreement with the generalised cell-lineage map.
Regarding the fate of the third-generation macromeres, the results of this paper are compatible with the generalised molluscan cell-lineage map according to which the 3A-, 3B-and 3C-macromeres produce endoderm and the 3D-macromere produces two mesoderm bands, characteristic for spiralian development.
The clonal-contribution map of the Patella embryo opens new possibilities for the study of specification of cells in experimental conditions. Differences such as presented between the Patella clonal-contribution map and the generalised molluscan cell-lineage map might also be demonstrated in the analysis of cell-lineage of other species. Therefore, the generalised molluscan cell-lineage map must be used carefully when one wants to draw conclusions about the contributions of early-cleavage stage blastomeres to structures in the trochophore of any given molluscan species.
Experimental procedures
Embryos
Embryos of the common limpet, Patella vulgata (Mollusca, Gastropoda) were obtained as described before (Van den Biggelaar, 1977) . Embryos were kept in Milliporefiltered sea water (pore size 1.2 mm; MPFSW) and were dejellied somewhere between the 4-and 32-cell stage by treating them with acidified MPFSW (pH 3.9) for 2-3 min.
All experiments were carried out at 19-20°C. All stages of development that are referred to are in hours and minutes after first cleavage at 19-20°C.
Cell-lineage tracer injections
Injections of the cell-lineage tracer Lucifer Yellow-dextran (MW 10 000 Da, D-1825, Molecular Probes, Eugene, USA) were carried out as described before (Damen and Dictus, 1994a,b) .
Observation of trochophores with an epifluorescence microscope
The progeny of the injected cell was determined by analysing the pattern of fluorescent cells in trochophores of 24-28 h after first cleavage. Normal trochophores of this stage possess a prototroch, shell, shell gland, foot, and a telotroch. All abnormal trochophores, i.e. those whose gross morphology differed from that of normal trochophores, were discarded. In order to immobilise the rapidly moving trochophore larvae, they were deciliated by transferring them to 0.6 M sodium acetate in MPFSW. Subsequently, the trochophores were studied in this solution with an epifluorescence microscope (Zeiss Axiovert 35M; Oberkochen, Germany) equipped with a Newvicon camera (DAGE-MTI, Michigan City, USA) or a Silicon Intensified Target (SIT) camera (DAGE-MTI). All images were recorded and photographed as described before (Damen and Dictus, 1994b) .
Observation of trochophores with a confocal laser scanning microscope
A number of trochophores previously analysed in vivo were processed for confocal laser scanning microscopy. Trochophores were fixed in 4% formaldehyde in 0.1 M phosphate buffer (pH 7.4) for 1 h. After rinsing in buffer, the embryos were transferred to 70% ethanol and stored at 4°C in the dark for several days up to several months. Before observation with the CLSM, trochophores were dehydrated in a graded series of ethanol and transferred into a 1:1 (v/v) mixture of ethanol and Murray's (1:2 (v/v) mixture of benzylalcohol and benzylbenzoate) for 1 min. Then, the embryos were mounted in Murray's in convex polished object slides and observed with a Bio-Rad MRC-600 confocal laser scanning microscope (Bio-Rad Lasersharp Ltd., Oxfordshire, UK). Images from the CLSM were photographed on Kodak Tmax 100 ASA film with a film recorder (Lasergraphics, Irvine, CA, USA).
Scanning electron microscopy
Trochophores of the appropriate stage were fixed, processed and observed as described before (Damen and Dictus, 1994b) .
